Abstract Knowledge on effective strategies to encourage participation in epidemiological web-based research is scant. We studied the effects of reminders on overall participation. 3,876 employees were e-mailed a baseline webbased lifestyle questionnaire. Nine months later, a followup questionnaire was sent. To encourage study participation, 4-5 and 11 e-mail reminders were sent at baseline and follow-up, respectively. Additional reminders (media articles, flyers, SMS etc) were also administered. Reminders (e-mails ? additional) were given in low (B6 reminders), medium (7-9 reminders) or high amounts ([9 reminders). Participation was examined with respect to participant characteristics (i.e. age, sex, Body Mass Index, occupation), type/number of reminders, and time of participation. Most participants were males, 35-49 years, and field workers (non-office based). About 29 % responded before any e-mail reminder, following 26 and 45 % after 1 respective C 2 e-mail reminders. Participant characteristics were not related to when the participants responded. The 4-5 e-mail reminders increased total response rate by 15 %, the eleven by 21 % (greatest increases in September). Those receiving medium amounts of reminders (reference) had the highest response rate (75 %), likewise office workers (54 %) compared to field workers (33 %). High amounts of reminders were particularly effective on office workers. The participants' characteristics were not related to when they responded in this web-based study.
Introduction
Study participation in epidemiological surveys has dramatically declined the past 30 years [1] . This is troublesome; after all, a high participation builds the skeleton in research [2] [3] [4] [5] . Some research studies have evaluated various strategies to increase the response rate, primarily of paper-based questionnaires. According to a systematic review of 292 trials, the strongest predictor of study participation was the participants' interest in the subject matter. The use of incentives, mostly monetary, was documented to effectively increase study participation as well [6, 7] .
Other strategies reported to increase the likelihood of responding are the use of questionnaires that are personalized [8] , short in length, distributed from trustworthy sources, and delivered through verified postal mail [6, 9] . Also, continuous communication between researchers and potential participants cannot be overemphasized. In fact, pre-notification letters and frequent reminders have been found to generate an almost four-fold increase in total response rate [8] . It has been suggested that more intense efforts of reminding yield a greater overall response rate [10] . Although several recommendations have been made to promote participation in paper-based questionnaires, the knowledge gained may not be applicable in web-based research.
However, the slight attention brought to web-based research has documented stronger participant compliance and completeness of reported data, compared with paperbased questionnaires [2, [11] [12] [13] . Another strength of webbased research is the short time interval of responding to the questionnaire [14] , generating a rapid questionnaire submission. Still, prior literature favors the response rates received from paper-based questionnaires, rather than from web-based questionnaires [2, 4, 5, 13, 15] .
Consequently, the aim of the present study was to examine different methods to encourage study participation in a large web-based intervention study. More specifically, we evaluated the effects of e-mail reminders and additional, more practical, reminders on overall participation.
Methods

Participants and materials
Between September and December 2008, 3,876 employees (18-65 years) at four companies in the Swedish railway sector were asked to participate in a web-based lifestyle intervention, examining the effects of health counseling via the Internet. A list of the employees' e-mail addresses (work e-mail) was created for the distribution of research material. To participate in the study, the employees were asked to fill out a web-based questionnaire on lifestyle habits (i.e. diet, sleep, physical activity, stress, and smoking) sent by e-mail. Nine months later, they were e-mailed a follow-up questionnaire. The study was conducted in collaboration with a web company [16] responsible for e-mailing the questionnaires and information to the participants, as well as collecting the data. At the end of the study, data was sent to the research group. The present study sought to examine the effects of reminders to encourage participation in the intervention study described above. Only those who submitted the questionnaire(s) on the web were considered participants in this study.
Reminders to encourage participation
Two e-mail messages, one invitation e-mail and one e-mail with the web link (URL) to the questionnaire, were sent to all participants. The invitation e-mail was sent 1 week prior to study start. The questionnaire URL was sent the day the study started. In addition to these e-mail messages, e-mail reminders and additional reminders were administered during the conduct of the study at baseline and follow-up. Examples of additional reminders include informational texts about the study in the companies' internal and external media, through flyers, oral presentations, visits by the research group, as well as SMSmessages.
Reminders were given in three amounts, categorized as follows: (1) low amounts of reminders: B6 reminders, (2) medium amounts of reminders: 7-10 reminders, and (3) high amounts of reminders: [10 reminders. The amount of reminders was determined at baseline by the researchers, before the research questionnaire had been e-mailed. The type of additional reminder was based on the participants' requests (Table 1) .
To study the effects of the reminders, one company was randomly given low amounts of reminders, two companies were given medium amounts of reminders, and the remaining company was given high amounts of reminders at baseline (Fig. 1) . Two companies were combined into one group to attain similar occupational distributions of field workers and office workers within the groups. The group receiving medium amounts of reminders served as the reference group. Thereafter, up to five e-mail reminders were sent to all nonrespondents with the intervals of 9, 13, 7, 14, and 13 days between each of the five reminders, correspondingly. In total, there were 56 days between the first and the last e-mail reminder. The number of received e-mail reminders (four or five) depended on when the participants entered the study. Some participants entered the study 2 weeks after start, due to conflict with another employee questionnaire. The e-mail reminders were usually sent on Tuesdays at 10 am-a time when researchers and web administrators were in full capacity. The day-interval between the e-mail reminder send-outs depended on when additional reminders were given during that time period. The participation promoting strategies were spread out to reach an appropriate interval between the reminders (Table 1 ).
Reminders at follow-up
The follow-up questionnaire was sent to all invited (included newly recruited employees) on May 13, 2009 . From then on, a total of eleven e-mail reminders were sent, allowing all participants to receive high amounts of reminders. The first e-mail reminder was sent after 13 days, the following six e-mail reminders with an interval of 7 days each. The sending process was then paused due to the typical time for summer vacation in Sweden. Seven weeks later, the eight e-mail reminder was sent. After another 7 days, the ninth e-mail reminder was sent, followed by the tenth and eleventh e-mail reminder, sent with an interval of 7 days each. Thus, there were 125 days between the first and the last e-mail reminder including the pause in the sending process. Likewise at baseline, e-mail reminders were usually sent on Tuesdays.
The study was approved by one of the regional ethical review boards in Stockholm, Sweden.
Statistical analysis
Descriptive statistics of the participants' characteristics (age, sex, BMI [Body Mass Index], smoking, motivation to change physical activity habits, amount of received reminders, and work type) were summarized at baseline and follow-up. We categorized the participants into office workers or field workers (work type) based on their availability to a computer at work (if mostly office based = office worker; if mostly non-office-based with limited access to a computer = field worker). In our analyses, we excluded those difficult to categorize as either office worker or field worker. We divided the participants into age tertiles (C34, 35-49, C50 years) and into BMI categories \25 or C25 kg/m 2 . The number of received reminders, in relation to the participants' submissions of the questionnaire, was divided into time tertiles (participating after receiving 0 e-mail Fig. 1 Presentation of the study design. 3,876 employees were asked to participate in the study. A list of the employees' e-mail addresses was created. To encourage study participation, the employees were given reminders in three amounts (low, medium or high). To participate, the employees were asked to fill out a web-based questionnaire sent by e-mail. Nine months later, a follow-up questionnaire sent. The study examined the effects of the reminders to encourage participation of the baseline and follow-up questionnaire. *10 newly recruited employees were added to the e-mail list at follow-up
The effect of reminders in a web-based intervention study 335 reminder, 1 e-mail reminder, or C2 e-mail reminders). Proportions of questionnaire submissions (response rates) were calculated according to the time tertiles. We also calculated proportions stratified by participant characteristics and the amount of received reminders. The average time of submission was also summarized for baseline and follow-up.
To further explore participation in relation to e-mail reminders, we calculated the proportions of total responses 3 days prior to and 3 days after the e-mail reminder was sent (including the day it was sent). The proportions were calculated separately for each e-mail reminder and summarized for baseline and follow-up.
Odds ratios (OR) and confidence intervals (CI) were calculated to assess the participants' odds of participating at baseline with respect to received amount of reminders, and stratified by work type. Because the same amounts of reminders (high) were given for all three groups at followup, this analysis was not performed for follow-up. OR of participating at follow-up based on the participants' partaking at baseline or not was also studied. Due to technological problems, ten of the participants at follow-up were not asked to participate at baseline. These participants were excluded in this analysis, yet included in previous analyses.
Chi-square tests were performed to study possible differences in proportions. We considered p \ 0.05 as statistically significant. SAS version 9.2 (SAS Institute Inc., Cary, NC) for Windows was used for all statistical analyses.
Results
A total of 1,458 (38 %) and 1,300 (36 %) employees participated at baseline and follow-up, respectively. Out of those who participated at baseline, 972 (67 %) also participated at follow-up. The response rates at baseline among office workers and field workers were 54 and 33 %, respectively. Somewhat lower response rates were identified at follow-up. The majority of the participants was male, non-smokers, between the ages 35-49 years, employed as field workers, and had a BMI C25 kg/m 2 ( Table 2) . Table 2 Basic characteristics of the participants at baseline and follow-up, stratified by amount (low, medium or high) of received reminders (n = 3,876) About 29 % of the participants submitted their baseline questionnaire before any e-mail reminders had been sent, 26 % after one e-mail reminder, and 45 % after C2 e-mail reminders (p \ 0.0001). A similar pattern was found at follow-up, although a higher proportion (58 %) of participants responded after more than two e-mail reminders (p \ 0.0001). We found no differences in proportions between the characteristics of the participants and when they responded, other than that most office workers participated before the first e-mail reminder (38 %, p = 0.0071), compared with field workers (25 %, p \ 0.0001). The average time of participation at baseline was between 11 am-1 pm on weekdays.
The 4-5 e-mail reminders increased the total response rate by 15 % at baseline, whereas the 11 e-mail reminders at follow-up increased the total response rate by 21 %. The greatest individual increases in responses; however, were found in conjunction with the second e-mail reminder sent for the baseline questionnaire, and at the ninth e-mail reminder at follow-up. Both peaks appeared in September (Fig. 2a, b) .
The different amounts of reminders used to encourage study participation resulted in a significant difference in total response rate (p \ 0.0001). The group receiving medium amounts had the overall highest response rate of 75 %, compared to those receiving low and high amounts of reminders, where response rates were 11 and 14 % respectively (p \ 0.0001). When stratifying for work type, office workers in the group receiving high amounts of reminders were more than twice (OR = 2.25, CI 1.19-4.25) as likely to participate at baseline, compared with the group receiving medium amounts of reminders (Table 3) . Lastly, the odds of participating at follow-up, for those who participated at baseline, were much higher (OR = 13.07, CI 11.03-15.21) than those who did not participate at baseline.
Discussion
The results from this study, examining the effects of reminders used in a web-based intervention study, suggest positive results on overall participation. Medium amounts of reminders provided adequate effects on response rate. Seasonal effects on response rates were noticed, whereas the participants' characteristics did not seem related to when they responded to our questionnaire(s) on the Internet. More specifically, we found no associations between the participants' sex, age, BMI, amount of received reminders, or motivation to improve physical activity habits and time of submission of the questionnaire(s). However, participation at baseline appeared to play a major role in the participants' likelihood of participating at follow-up. It should be noted, though, that odds ratios may overestimate the results. The high odds found in our study should therefore be interpreted with caution [17] . Still, our results evoke suggestions that once the participants have been recruited, their actual characteristics do not impinge on their time of participation.
Akl et al. [18] have also focused on the aspect of timing in relation to study participation. In contrast to our study, they examined if a written statement on the questionnaire, informing the participants that their return of the questionnaire was tracked (documented), had an influence on when they responded. Interestingly, they found a slight Fig. 2 a The response rates (%), 3 days prior to and 3 days after the e-mail reminders were sent, based on the total responses (n = 1,459) at baseline. b The response rate (%), 3 days prior to and 3 days after the e-mail reminders were sent, based on the total responses (n = 1,300) at follow-up
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positive association (RR = 1.04) of tracked postal questionnaire and faster response, compared with non-tracked as a result of one reminder. Somewhat reduced associations were identified after more than one reminder for both questionnaires [18] . Although this study may not enhance the understanding of our findings from our web-based questionnaire, it may indeed highlight the importance of reminders with respect to timing and overall participation. To our knowledge, it is well documented whom that participates in epidemiological research [1] , however, when the participants respond has not been studied in detail. The present study was carried out during a one-yearperiod where two apparent increases in response rate emerged in September. The participants' return to work (after summer vacation) may serve as one of the influential aspects of higher participation at these time points. A greater proportion of employees were thus available to take part in the study. Also, we cannot rule out that an increased motivation to re-establish healthier habits may respond to the dramatic increases in response rates. Health aspects such as physical activity, food intake, and bodyweight have been found to demonstrate seasonal differences [19] [20] [21] [22] . Consequently, careful planning of the initiation of an epidemiological study may both boost the overall participation rate, and allow for more valid health measures.
Time is also a determinant for increased study participation among some occupational groups [23, 24] . The differences in response rates among office workers and field workers may rely on the characteristics of their responsibilities at work. Office workers may have time to fill out the questionnaire during work hours, whereas field workers may find it difficult to digress from their ordinary tasks (driving the train, controlling the train signals etc). Hence, the participants' time is an important aspect to consider in epidemiological research. Specific participant groups may benefit from prolonged study duration.
It cannot go unnoticed that e-mail reminders in our study had a strong impact on the total response rate. The general positive effect of reminders may not add new knowledge in epidemiology [10, 25] , but our distinct peaks in response rates after each sent e-mail reminder allow for new insights. At baseline, our five e-mail reminders yielded an increase in response rate by 15 %. Our eleven e-mail reminders at follow-up generated a total increase of 21 %. Similar to our findings, previous research reports parallel patterns of increasing the quantity of e-mail reminders [10, 14] . Our results indicate that the more reminders used, the higher the increases in response rate. The ''short-lived'' effects of e-mail reminders documented in previous research [14] still support the method of reminding frequently.
Nonetheless, Kongsved et al. [11] report an increased total response rate by 46 % from sending one e-mail reminder-an increase almost twice as high as ours albeit considerably fewer reminders. The participants in this study were older female patients supporting the results from previous epidemiological studies, where higher response rates have been identified for females rather than for males [26] [27] [28] . A more prominent effect from e-mail reminders have also been proposed for trial participants, compared with those representing the general public [27] . Participant characteristics have also been found to influence the total response rate. The overall response rates in our study (38 and 36 %) are lower than in previously conducted web-based studies reporting from 51 to 87 % [2, 4, 5, 27] . The participants in these studies, however, have been patients, health professionals such as surgeons, parents of students, and other distinctive groups [4, 5, 11, 27] . Our participants were employed in the Swedish railway sector. Comparisons of the response rates between studies are therefore challenging. The lower increase in responses as a result of our e-mail reminders and lower total response rate may thus partly be explained by our male-dominated study population in the working sector.
Even if e-mail reminders may promote a higher participation, the total number of reminders considered socially and ethically acceptable has never been studied comprehensively. From our understanding, the typical numbers of e-mail reminders used in web-based studies are between one and three [4, 5, 11] . Despite our frequently sent e-mail reminders (n = 11 at follow-up), we received minimal negative criticism by the participants (n = 10), indicating that sending e-mail reminders is a fairly acceptable approach by the participants. This high number of reminders, however, may not be required to achieve an adequate response rate. Further, the abstract format of e-mail reminders, easily misplaced or deleted in the Internet world compared with the concrete format of paperbased reminders, may perhaps generate a stronger need for more reminders. Therefore, the use of frequent reminders in upcoming web-based research is strongly encouraged. It should be acknowledged that we cannot clarify whether the increases in response rates are an effect of the e-mail reminders per se, or an overall effect of all reminders given. However, because most research studies and participants are unique, it may be difficult to evaluate which of the exposures that is more effective than the other. According to our findings, medium amounts of reminders seemed sufficient to reach a total response rate of 75 %, indicating that 5 e-mail reminders plus some further approaches are reasonable. Our results support an association between higher number of reminders and higher odds of participating among office workers. Whether this increased effect serve as a consequence of more tailored strategies to this participant group, spending most of their work time using a computer, or if this group represents a more selective study sample is difficult to state. The intervention study was entirely web-based. The availability and feasibility of a computer may indeed have enhanced the effects [29] .
However, it may not be forgotten that peer pressure, motivation to participate in a health study, and overall interest in the subject matter may play role in the effects of reminders and total response rates among some participant groups. For instance, office workers work in a closed area where exchanges of opinions and information occur on a daily basis (in the lunch area, hallway etc). Conversely, field workers have a more solitary work setting and may consider other things than a health questionnaire as more important. Although we thought that the distributions of employees were similar among the four companies, thus reminder groups (low, medium or high), our results on higher participation among office workers still suggest that the employees' work situation may have impacted overall participation.
Overall, the benefits of the World Wide Web in research may not be stressed enough. It permits efficient and convenient distribution of questionnaires, computerized data collection and storage, as well as the opportunity to conduct research on a significant large study sample. Although the initial cost of developing a web-based questionnaire may be higher than for paper-based ones, the advantages of web-based research are matchless [30] . To date, geographical limitations in research have been broken, giving epidemiologists free ways to study various populations irrespective of geographical position. The use of web-based questionnaires also allow for complete data-a constant target for many epidemiologists. Generally, the responder cannot proceed with the filling out process if the answers are incompletely or incorrectly written, disallowing questionnaire submission on the web. In the present study, conversely, this was one of the drawbacks preventing us to study the characteristics of our non-participants and thus the overall effects of reminders.
Although this present study admits its limitations, our results bring significant value to future web-based research-particularly how time and resources could be planned to effectively promote participation. To our knowledge, a limited amount of research has been conducted on the methodology of using the Internet in epidemiology. Hence, the results herein the present study are rather exclusive and may be considered as one of the stepping stones in the development of web-based epidemiological research. The characteristics of the study participants do not seem to play role in response pattern. However, a special attention to the timing with respect to study duration and administration of reminders may enhance the overall quality of web-based research.
Conclusion
We found no effects of the participants' characteristics and when they responded to our web-based questionnaire. Reminders had positive effects on participation, particularly among those with high Internet availability. A special attention to the timing with respect to study duration and administration of reminders may enhance the overall quality of web-based research. Frequent reminders are strongly encouraged.
